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Presentation Outline

ØMotivation and Objectives

ØAnalysis Tool Needs

ØThe µGRD Computer Model: Unique 
Characteristics and Capabilities

ØExample Cases

ØCommercialization Plan
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Ø Support CERTS Microgrid Vision on DERs

ØDevelop a Reliable Tool for Steady State Analysis of 
Microgrids that:

– Uses physically based high fidelity models

– Incorporates DER controls and captures their interaction

– Provides a TestBed for testing alternate designs

Motivation and Objectives
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Microgrid Analysis Tool: Needs

Ø Steady State Analysis Tool for microgrids.
Ø CERTS Microgrid is defined as a distribution system with 

DERs.
Ø The distribution system may contain three-wire, four-wire and 

five-wire circuits.
Ø The CERTS Microgrid may supply three phase as well as single 

phase loads.
Ø The microgrid sources (DERs) may operate under different 

control laws. As a matter of fact, control functions are expected 
to increase as manufacturers become more sophisticated.

Ø Commercially available tools do not address all of the above 
issues. The µGRD model does.
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Microgrid Analysis Tool: Needs

Ø The distribution system may contain three-wire, four-wire and 
five-wire circuits.
– A comprehensive study by ORNL compared the capabilities of 

commercially available tools. While these tools offer many application 
functions, the basic model is based on symmetric power systems.

Ø The microgrid sources (DERs) may operate under different 
control laws. As a matter of fact, control functions are expected 
to increase as manufacturers become more sophisticated.
– Commercially available tools do not address complex control functions 

of microsources and their interaction through a typical network (three 
wire, four-wire, five-wire system).
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µµGRD: Unique Characteristics

Ø Components are modeled in direct phase quantities without any 
approximating assumptions, for example symmetrical components.
– Provides the capability of handling three wire, four-wire and five-wire 

systems
– Provides high fidelity models

Ø Each component model is quadratized, i.e. it is expressed in terms 
of equations of order no higher than 2. The quadratized model is an 
exact representation of the component behavior for any complex 
and nonlinear operation of the component and its controls.
– Provides the capability of direct solution for radial and networked systems 

and accurate analysis of the interaction of DER controls. 
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µµGRD: Unique Characteristics

Ø It uses the concept of composite node. A composite node may 
consist of any number of nodes, for example: phase A, phase B, 
phase C, Neutral and Ground for a five wire circuit. It allows to 
model grounding and bonding arrangements and to study safety 
issues associated with these systems.
– Provides the capability of handling systems that consist of any combination 

of three-wire, four-wire and five-wire subsystems
– Provides the capability of directly modeling grounding and bonding 

arrangements

– Opens up the ability to study safety issues in a µicroGrid.
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µµGRD Network Modeling Capability
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Component Example: Induction Motor

Three Phase Induction Motor  Accept 

 Cancel Simplified Induction Machine Model

Circuit Number

BUS0001Bus Name

1

Power Rating
1.000

Voltage Rating 480.0

Frequency Rating

Number of Poles

Mechanical Power Output

1.340

kVA

HP

 Update kVA 

60.00

V rms L-L

Hz

4

0.500 pu

 Update HP 

Program mGRD -  Form MGRD_M271Program mGRD -  Form MGRD_M271
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Component Example: MicroTurbine Model

Fuel

Retifier
Inverter

480 V
50-60 Hz
3-Phase

Shaft
GeneratorMicro-Turbine

Digital Controller

Air

Exhaust

Model Selection

Micro Turbine Generator  Accept 

 Cancel 

Rated Voltage (L-L Voltage, V) 480.0

MicroTurbine #2 (75 KVA)

Bus Name

DER1

Circuit Number

1

Specified Power (kW, Three Phase) 60.0

Current Regulation Model

Maximum Current Capability (A) 110.0

Maximum Power Capability (kW) 90.0

 Phase A 

 Individual Phase 

Power Control Model

 PV Control 

 Average Phase 

Rated Power (kVA, Three Phase) 75.0

 Slack Bus Mode 

0.1

Power Factor Control
Options : Options :

Inductive Reactance (pu)

P r o g r a m  m G R D  -  F o r m  M G R D _ M 2 7 3P r o g r a m  m G R D  -  F o r m  M G R D _ M 2 7 3
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Component Example: PWM Converter

PWM Inverter Model  Accept 

 Cancel 

Rated Voltage (L-L Voltage, V) 480.0

PWM Converter

Bus Name FUEL-CELL Circuit Number 1

Specified Real Power (kW, Three Phase) 95.0

Current Regulation (PQ Mode)

Maximum Current Capability (A) 140.0

Maximum Power Capability (kW) 110.0

 Phase A Q 

 Individual Phase Q 

Power Control Model

 PV Mode 

 Slack Bus Mode 

 Total Q 

Specified Reactive Power (kVAr, Three Phase) 0.0

0.10

Rated Power (kVA, Three Phase) 100.0

 PV Mode with Negative Sequence Control 

Model Selection

Inductive Reactance (pu)

Prog ram mGRD -  Fo rm  MGRD_M272Prog ram mGRD -  Fo rm  MGRD_M272
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µµGRD Example Report
 Return Device Graphical I/O Report

Microgrid Example System

MICROT1_A
0.2771kV (58.36d)

0.2348kA (32.62d)

MICROT1_B
0.2771kV (-61.67d)

0.2348kA (-87.02d)

MICROT1_C
0.2769kV (178.38d)

0.2390kA (153.84d)

MICROT1_N
0.0002kV (-136.86d)

0.0017kA (175.88d)

MICROT1_N
0.0002kV (-136.86d)

0.0069kA (23.99d)

MOTOR1_A
0.2704kV (57.60d)

0.2348kA (-147.38d)

MOTOR1_B
0.2696kV (-62.35d)

0.2348kA (92.98d)

MOTOR1_C
0.2698kV (177.68d)

0.2390kA (-26.16d)

MOTOR1_N
0.0004kV (75.96d)

0.0017kA (-4.08d)

MOTOR1_G
0.0004kV (75.96d)

0.0069kA (-156.02d)

480V Circuit, MICROT1 to MOTOR1

Case:

Device:

 I S V   I S V  

P r o g r a m  m G R D  -  F o r m  F D R _ G D I OP r o g r a m  m G R D  -  F o r m  F D R _ G D I O
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µµGRD Example Report: Current Flow

MICROT1_A
0.2771kV (58.36d)

0.2348kA (32.62d)

MICROT1_B
0.2771kV (-61.67d)

0.2348kA (-87.02d)

MICROT1_C
0.2769kV (178.38d)

0.2390kA (153.84d)

MICROT1_N
0.0002kV (-136.86d)

0.0017kA (175.88d)

MICROT1_N
0.0002kV (-136.86d)

0.0069kA (23.99d)

MOTOR1_A
0.2704kV (57.60d)

0.2348kA (-147.38d)

MOTOR1_B
0.2696kV (-62.35d)

0.2348kA (92.98d)

MOTOR1_C
0.2698kV (177.68d)

0.2390kA (-26.16d)

MOTOR1_N
0.0004kV (75.96d)

0.0017kA (-4.08d)

MOTOR1_G
0.0004kV (75.96d)

0.0069kA (-156.02d)

480V Circuit, MICROT1 to MOTOR1

Case:

Device:

 ISV  ISV 

Program mGRD -  Form FDR_GDIOProgram mGRD -  Form FDR_GDIO

 Close 

Microgrid Example System

P 174.0 kW, Q 79.30 kVar

S = 191.3 kVA, PF = 91.00 %

S

P1 57.47 kW, Q1 26.75 kVar

P2 57.61 kW, Q2 26.39 kVar

P3 58.95 kW, Q3 26.16 kVarS1S2S3
V1 = 270.0 V, 57.58 Deg

V2 = 269.8 V, -62.40 Deg

V3 = 269.8 V, 177.8 Deg

V1

V2

V3
I1 = 234.8 A, 32.62 Deg

I2 = 234.8 A, -87.02 Deg

I3 = 239.0 A, 153.8 Deg

I1

I2

I3

Induction Motor at MOTOR1

Case:

Device:

MOTOR1_A V1

MOTOR1_B V2

MOTOR1_C V3

MOTOR1_A I1

MOTOR1_B I2

MOTOR1_C

Voltages

Currents

 Total Power  Voltage 

 Current  Per Phase Power 

I3

 Phase Quantities 

 Symmetric Comp 

MOTOR1_N Ref

Device Terminal Multimeter

 L-G 

 L-L 

P r o g r a m  m G R D  -  F o r m  G E N _ M U L T I M E T E RP r o g r a m  m G R D  -  F o r m  G E N _ M U L T I M E T E R

Graphical 

Input/Output 

Report

Phasor and 
Power Report
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µµGRD Application Ex: Negative Seq. Control
 Close 

Microgrid Example System

P -95.00 kW, Q -223.6 Var

S = 95.00 kVA, PF = -100.00 %

S

P1 -34.38 kW, Q1 -959.4 Var

P2 -29.30 kW, Q2 -2.088 kVar

P3 -31.31 kW, Q3 2.824 kVar

S1S2
S3

V1 = 278.0 V, 59.19 Deg

V2 = 927.3 mV, -54.02 Deg

V0 = 3.773 V, -76.82 Deg

V1

V0 I1 = 113.9 A, -121.0 Deg

I2 = 12.07 A, -144.0 Deg

I0 = 0.095 pA, 48.89 Deg

I1

I2

I0

Fuel Cell Driven PWM Converter

Case:

Device:

FUEL-CELL_A V1

FUEL-CELL_B V2

FUEL-CELL_C V3

FUEL-CELL_A I1

FUEL-CELL_B I2

FUEL-CELL_C

Voltages

Currents

 Total Power  Voltage 

 Current  Per Phase Power 

I3

 Phase Quantities 

 Symmetric Comp 

FUEL-CELL_N Ref

Device Terminal Multimeter

 L-G 

 L-L 

P r o g r a m  m G R D  -  F o r m  G E N _ M U L T I M E T E RP r o g r a m  m G R D  -  F o r m  G E N _ M U L T I M E T E R

Solution with Fuel 
Cell in PV Mode

Solution with Fuel 
Cell in Negative 

Seq. Control
 Close 

Microgrid Example System

P -86.90 kW, Q 13.02 kVar

S = 87.87 kVA, PF = -98.90 %

S

P1 -36.85 kW, Q1 3.852 kVar

P2 -24.46 kW, Q2 -2.373 kVar

P3 -25.60 kW, Q3 11.54 kVar

S1
S2

S3 V1 = 277.1 V, 59.18 Deg

V2 = 34.49 nV, -120.8 Deg

V0 = 3.779 V, -77.42 Deg

V1

V2
V0 I1 = 105.7 A, -112.3 Deg

I2 = 30.03 A, -126.3 Deg

I0 = 0.101 pA, 179.0 Deg

I1

I2

I0

Fuel Cell Driven PWM Converter

Case:

Device:

FUEL-CELL_A V1

FUEL-CELL_B V2

FUEL-CELL_C V3

FUEL-CELL_A I1

FUEL-CELL_B I2

FUEL-CELL_C

Voltages

Currents

 Total Power  Voltage 

 Current  Per Phase Power 

I3

 Phase Quantities 

 Symmetric Comp 

FUEL-CELL_N Ref

Device Terminal Multimeter

 L-G 

 L-L 

P r o g r a m  m G R D  -  F o r m  G E N _ M U L T I M E T E RP r o g r a m  m G R D  -  F o r m  G E N _ M U L T I M E T E R

Sequence Values Report
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µµGRD Application Ex: Negative Seq. Control
 Close 

Microgrid Example System

P -95.00 kW, Q -223.6 Var

S = 95.00 kVA, PF = -100.00 %

S

P1 -34.38 kW, Q1 -959.4 Var

P2 -29.30 kW, Q2 -2.088 kVar

P3 -31.31 kW, Q3 2.824 kVar

S1S2
S3

V1 = 275.0 V, 58.47 Deg

V2 = 281.1 V, -60.87 Deg

V3 = 278.1 V, 180.0 Deg

V1

V2

V3
I1 = 125.1 A, -123.1 Deg

I2 = 104.5 A, 115.1 Deg

I3 = 113.1 A, 5.120 Deg

I1

I2

I3

Fuel Cell Driven PWM Converter

Case:

Device:

FUEL-CELL_A V1

FUEL-CELL_B V2

FUEL-CELL_C V3

FUEL-CELL_A I1

FUEL-CELL_B I2

FUEL-CELL_C

Voltages

Currents

 Total Power  Voltage 

 Current  Per Phase Power 

I3

 Phase Quantities 

 Symmetric Comp 

FUEL-CELL_N Ref

Device Terminal Mult imeter

 L-G 

 L-L 

P r o g r a m  m G R D  -  F o r m  G E N _ M U L T I M E T E RP r o g r a m  m G R D  -  F o r m  G E N _ M U L T I M E T E R

Solution with Fuel 

Cell in PV Mode

Solution with Fuel 
Cell in Negative 

Seq. Control

Actual Values Report

 Close 

Microgrid Example System

P -86.90 kW, Q 13.02 kVar

S = 87.87 kVA, PF = -98.90 %

S

P1 -36.85 kW, Q1 3.852 kVar

P2 -24.46 kW, Q2 -2.373 kVar

P3 -25.60 kW, Q3 11.54 kVar

S1
S2

S3 V1 = 274.4 V, 58.64 Deg

V2 = 280.8 V, -61.04 Deg

V3 = 276.3 V, 179.9 Deg

V1

V2

V3
I1 = 135.0 A, -115.4 Deg

I2 = 87.52 A, 113.4 Deg

I3 = 101.6 A, 24.21 Deg

I1

I2

I3

Fuel Cell Driven PWM Converter

Case:

Device:

FUEL-CELL_A V1

FUEL-CELL_B V2

FUEL-CELL_C V3

FUEL-CELL_A I1

FUEL-CELL_B I2

FUEL-CELL_C

Voltages

Currents

 Total Power  Voltage 

 Current  Per Phase Power 

I3

 Phase Quantities 

 Symmetric Comp 

FUEL-CELL_N Ref

Device Terminal Multimeter

 L-G 

 L-L 

P r o g r a m  m G R D  -  F o r m  G E N _ M U L T I M E T E RP r o g r a m  m G R D  -  F o r m  G E N _ M U L T I M E T E R
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Steps Toward Commercialization

Ø The µGRD computer model is a useful tool with unique 
capabilities

Ø Utilization of the µGRD computer model on a commercial 
basis will require: (a) increased modeling capability and (b) 
additional applications functions

Ø Proposed Steps Towards Commercialization: The following 
steps are proposed:
– Integrate the µGRD computer model with the GEMI computer model 

– Develop additional applications functions: Fault Analysis, DER 
dispatch, Loss minimization monitoring, Time-sequence operation, 
Visualization and Animation tool of µGRD operation, and other. 
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Project Status

Ø A prototype computer model has been developed: Program µGRD

Ø A draft final report was issued that describes the µGRD tool and the 
associated models. The report has been revised and finalized (with 
comments received from reviewers). 

Ø Several technical papers have been published or will be published (see 
next slide). 

Ø Future plans:
– Promote utilization of the µGRD tool in the DoE/CERTS/DER program 

as well as in the industry
– Enhance the modeling capability of the tool (by adding more models) and 

supported applications 
– Formulate commercialization plans
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